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Technical Appendix A
ETo Calculations

Freeman-1993, MOMEAN41: Monthly Weather Data for CIMIS Station #41
Freeman-1993, MOMEANG63: Monthly Weather Data for CIMIS Station #63
Freeman-1993, MOMEANS7: Monthly Weather Data for CIMIS Station #87
Styles-1993, ETIIDSTB: Monthly Summary of Evaporation Pan Data from IID
Meteorological Records

Pruitt-1993, Documentation for ETo Computer Program

Pruitt-1993, FAQ-Pan Evaporation Case and Upwind Fetch Conditions

~ 1ID Water Control-1987:1992, Monthly Meteorological Observations

Styles-1993, EPANMELOQ: Meloland Pan Evaporation Data and Monthly
Summary '

Styles-1993, MUL: Mulberry Pan Evaporation Data and Monthly Summary
Freeman-1993, Summary of IID Wind Direction F requencies

Mousel-1993, Photographs of weather stations at Holgville, Brawley, Calipatria,
Impenal, Seeley, and El Centro. : o

Pruitt-1993, Sketches of CIMIS/IID Weather Stations '
Sidhu-1993, Cropping Pattems of Fields that Might Impact Nearby CIMIS/IID
Stations

Freeman-1993, IIDKP: Summary of Monthly Kp Values for Meloland, Imperial,
Brawley, El Centro, Mulberry, and Calipatria -

Burt-1993, CBALF693: Examination of Various Data to See How CIMIS

Computations Track

Pruitt-1977, Regional Crop Water Use, Imperial Valley (Review only)
Robinson-1991, Resuits of Research on Alfalfa Project, Annual Report {(Review
only) o :

Pruitt and Doorenbos-1977, International Round Table Conference on
Evapotranspiration (Review only) -

- 1ID-1976, Imperial Valley Pan Evaporation: Summary of 1975 Measurements

(Review only)

Pruitt et al.-1987, Reference Evapotranspiration (ETo) for California (Review
only)

Brown and Ley-1992, Siting Agricultural Weather Stations {Review only)
Snyder et al.1987- Determining Daily Reference Evapotraunspiration (ETo)
(Review only) _

Fernandes-1993, Crop Evapotranspiration

Freeman-1993, Summary Table of ETo Values Generated from Pruit Computer
Program '

1. Daily weather data from CIMIS stations 41, 68, and 87 was down loaded and transferred to
spreadsheets for analysis. The data was summarized by month in Document A, Document B,
and Document C. The following information is listed monthly for alt three stations:




10.

ETo

Precipitation

Solar radiation

Vapor pressure

Maximum temperature
Minimum temperature
Average temperature
Maximum relative humidity
Minimum relative humidity
Average relative humidity
Dew point

Wind speed

Daily wind

Soil Temperature

Document A contains CIMIS information for the time period 1987-92. Document B lists
CIMIS information for the time period 1988-1992, Document C contains CIMIS '
information for the time period 1990-92.

The data for the month of May 1992 in Document B was modified to account for an initial
lack of measurements. The original daily data for the time period May 22-31 was sct equal
to whatever the data was for May 21. This modification affected the graphs comparing
CIMIS ETo to Penman-Monteith ETo.

The pan evaporation data listed in Document D comes from the reported monthly evaporation
in Document G. Note: all values are in inches,

Document H contains a monthly summary of raw pan evaporation data from the Imperial
Valley Ag Center.

Document I contains the Mulberry pan evaporation readings at the sprinkler irrigated station
from 7/18/88 to 5/03/93. This data was summarized monthly for 1989-1992, The monthly

data was modified by Mr. Bill Pruitt after revwvmg complete records and filling in estimates
for the periods that were missing, .

Document J summarizes a frequency analysis of the wind direction at CIMIS stations 41, 68,
and 87, Data for the three stations was down loaded from the CIMIS network. The initial
files listed data for wind direction in degrees on an hourly basis. The data for each station
was analyzed to determine the number of occurrences by month for each 15 degree segment
of a circle. 1991 data was analyzed for station 41 (Mulberry) and station 68 (Seeley).
Station 87 (Meloland) data was analyzed for 1991 and 1992 to determine 1f the wind
directions were consistent from year to year.

Document F contains Mr. Bill Pruitt's estimates of FAQ-Pan case and upwind fetch
conditions. Document F includes information for Mulberry CIMIS station, Calipatria IID
station, Seeley CIMIS station, El Centro I1D station, Meloland CIMIS station, Imperial IID
station, Brawley USDA station, and Brawley AgMet station. Mr. Bill Pruitt used Document
J to estimate the predominate monthly wind direction at each site. Mr. Bill Pruitt estimated
the upwind fetch after visiting each site.

Document L contains Mr. Bill Pruitt's sketches of the pan locations and surrounding area at
Mulberry CIMIS station, Calipatria IID station, Seeley CIMIS station, El Centro IID station,
Melotand CIMIS station, Impenal 1D station, Brawley USDA station, and Brawley AgMet
station.

Document K contains photographs of the stations and surrounding area at Holtville, Brawley,
Calipatria, Imperial, Seeley, and El Centro.
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Document M contains the cropping patterns of fields that might impact nearby weather
stations. The cropping patterns were compared to the fetch and case estimates in Document
F.

The CIMIS weather data from Document A {(Mulberry), Document B (Seeley), and
Document (Meloland) was entered into Mr. Bill Pruitt's program for calculating ETo from
eleven equations (ETd-EQ5.WK1). The procedure for which data to enter into the program
is explained in Document E. Seven sites were chosen for comparison.of CIMIS ETo,

Penman-Monteith ETo, and FAO-Pan ETo. The seven sites used the data from the three
CIMIS stations as follows:

SITE | CIMIS Weather Station
Data Used
Meloland Meloland
Imperial Meloland -
Brawley Meloland
Seelév Secley
El Centro Seelev
Mulberrv Mulberry
Calipatria Mulberry

The elevation for each of the seven sites was determined from USGS 1:100,000 scale
topographic maps.

The pan evaporation data from Document H was entered into the program for the Meloland
site. The case and fetch data from Document F for the Meloland CIMIS station was used for
the Meloland site. ' :

The Imperial pan evaporation data from Document D was entered into the program for the -
Imperial site. The case and fetch data from Document F for the Imperial 1ID headquarters
station was used for the Imperial site.

The Brawley pan evaporation data from Document D was entered into the program for the
Brawiey site. The case and fetch data from Document F for the Brawley IID No.4 station
was used for the Brawley site. :

No pan evaporation data was available for the Seeley site.

The El Centro pan evaporation data from Document D was entered into the program for the
El Centro site. The case and fetch data from Document F for the El Centro No. 8 station was
used for the El Centro site.

The pan evaporation data for the Mulberry weather station from Document [ was used for
the Mulberry site. The case and fetch estimates from Document F for the Mulberry CIMIS
station was used for the Mulberry site. -

The Calipatria pan evaporation data from Document D was entered into the program for the
Calipatria site. The case and fetch data from Document F for the Calipatria IID station was
used for the Calipatria site.

- Mr. Bill Pruitt's program was used to calculate Penman-Monteith ETo for all sites.
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Mr, Bill Pruitt's program was used to calculate FAQO-Pan ETo for the Meloland, Imperial,
Brawley, El Centro, Mulberry, and Caliptria sites.

The ETo data for all three methods (CIMIS, Penman-Monteith, and FAO-Pan) was plotted
on a monthly and annual basis for all applicable sites.

Document N lists the Kp values generated by Mr. Bill Pruitt's program. The data is listed for
Meloland, Imperial, Brawley, El Centro, Mulberry, and Calipatria.

The following table summarizes the final ETo values used in the IID Water Balance:

Year Imperial Valley ETo
1987 79.8
1988 79.2
1989 80.5
1990 75.5
1991 69.9
1992 ' 68.4
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Imperial Irrigation District
Imperial Valley ETo Values

Al vedues are Inches/Year
IDETG.XLS
1987 1988 1989
CIMISETo P-METo FAO-PanET, Average | CIMISETo P-METo FAO-PanET  Average } CIMISETo P-METo FAO-PanET.- Average
Brawley 828 851 742 807 77.7 738 78.2 782 751 872 76.9 79.7
HID  Calipaina 828 85.1 68.8 789 173 79.9 72.0 76.5 75.1 87.2 729 784
El Centro 80.8 792 67.4 758 826 872 70.8 80.2 84.5 89.9 66.6 803
oo lmperial | %28 850 7l 797 | 77 798 720 765 _ | 51 812 6 T80
Meloland :
CIMIS Maulberry 828 85.0 LER 77.7 79.8 78.8 75.1 87.2 75.7 - 79.3
Seclev 826 87.2 B4.9 84.5 839 87.2
Average 82.8 85.0 704 802 835 733 79.8 886 723
1987 Valley Average = 79.8 1988 Valley Average = 79.2 1989 Valley Average = 805
. 1990 1991 1992
CIMISETo P-METo FAO-PanET, Average | CIMISETo P-METo FAOPnET, Average | CIMISETo P-METo FAO-PanET. Average
Brawley 72.6 837 T1.5 719 63.9 727 774 713 66.9 751 2 U 712
IID  Calipatria 721 M7 713 72.7 6738 7256 68.9 59.8 658 66.6 69.5 — 67.3
El Centro 771 826 64.8 74.8 69.4 749 642 69.5 67.9 69.7 638 - 67.1
oo dmper | 26 836 672 s | 69 727 695 1 | es9 754 6537 92
Meloland 726 836 755~ 772 639 727 772 - 71.3 66.9 75.1 69.5 - 70.5
CIMIS Mulbery 2.1 747 67127 713 67.8 726 596 — 66.6 65.8 66.6 613 - 64.6
Seeley 711 826 799 694 749 722 679 70.0 689
Average 739 803 70.6 67.0 734 69.5 669 70.5 66.9
1990 Valley Average = 75.5 1991 Valley Average = 69.9 1992 Valley Average = 62.4
UDETOXLS

610s3 '
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MULBERRY MONTHLY EVAPOTRANSPIRATION
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By

MELOLAND - CIMIS STATION #87

Ref. CIMIS Databass

ETo Precip  Solar  Vapor P  MaxT  MinT  AwgT RHmx RHmn AvgRH Dpt  Wind Spead Daily Yotal  Sail T
infday  infday Ly/Day  mbars F F F % % % F mph mpd F
Total Total Average Average Average Average Averaga Average Average _Average Average  Average  Avera Average
19980 January 27 0.0 3069 73 70.7 375 62.7 785 1 307 53,2 358 38 94.1 548
February 35 0.4 364.4 7.1 733 38.6 55.2 "7 25.2 469 348 4.7 114.2 57.2
March 5.8 0.2 494.1 8.7 81.5 468 63.8 7240 218 428 402 5.7 137.6 628
April 74 0.0 585.9 108 87.7 55.7 714 73.1 28 M7 45.9 6.0 143.8 731
May 8.8 04 659.4 1.5 89.3 55.5 724 54.9 12.8 258 36.0 76 183.4 75
June 9.1 0.2 693.9 107 103.1 67.0 85.3 5§9.2 1.5 263 443 §2 124.7 841
July - 82 0.0 6324 18.9 1064 | 734 804 1.4 20.2 38.8 60.6 5.8 139.0 89.2
August 8.2 1.1 622.3 200 1030 | 723 87.1 _7t1 26.4 451 6286 48 7.2 86.0
September | 6.6 0.3 503.0 18.4 89.9 674 | 844 714 2.7 449 60.0 4.7 1124 B34
Qctober 49 0.4 4372 126 9.3 57.5 731 745 219 448 496 a8 81.3 735
Movember 33 0.0 3257 | 80 76.8 45.9 60.6 728 26.8 49.0 41.1 4.7 112.4 65.1
December 22 0.0 264.8 5.4 649 345 | 485 76.8 299 536 321 .40 971 554
1991 January 21 06 2799 88 | 677 39.0 521 80.1 387 66.7 _41.0 3.4 81.0 55.0
February 3.1 04 370.2 1.1 78.0 448 60.5 83.9 34.4 61.2 47.0 39 84.1 574
March 47 0.6 461.5 10.1 716 44.1 s8.0 88.7 376 61.4 44.5 6.5 156.3 $8.8
April 6.6 0.0 6249 126 =X] 50.2 67.4 81.3 36.0 §5.3 50.6 5.3 128.2 63.9
May 8.1 0.0 687.9 15.7 89.4 54.4 70.6 787 38.7 54.4 4.5 7.1 7.2 66.2
June 75 0.0 6323 19.4 96.8 €25 79.9 7889 383 56.0 62.4 5.7 136.7 74.2
July 8.1 0.0 647.1 229 103.2 68.9 86.8 796 33.1 525 66.8 4.9 117.4 81.4
August 8.1 0.0 588.0 20.4 1045 73.1 88.2 68.7 7.7 446 63.5 48 117.2 84.0
September| 6.0 0.3 504.4 20.5 100.5 67.9 81.5 781 302 48.9 61.7 4.1 97.7 79.6
October 50 0.0 419.6 156 80.1 61.5 76.8 75.0 26.9 48.3 55.3 47 112.0 w7
November 29 0.2 321.4 104 7.6 46.2 50.8 79.7 314 557 446 42 9.8 656
December 1.7 - 12 ) 2123 9.0 647 41.3 51.5 79.0 45.1 64.1 40.8 33 785 57.4
1992 January 23 o7 2904 a2 67.9 378 50.5 80.5 36.6 58.7 381 7 £8.2 546
February 341 1.0 363.7 11.0 73.9 47.2 989.5 785 43.2 63.5 48.9 4.1 £8.2 60.0
March - 4.7 34 4691 9.9 75.1 487 61.6 718 357 53.2 40.7 45 107.6 §4.1
April 7.1 0.0 580.7 78 83.1 550 .| 726 491 135 2.1 31.9 39 924 707
May 78 0.2 637.0 143 | 944 61.8 78.0 70.1 261 438 53.8 45 108.6 762
June 9.3 0.1 £99.9 13.2 1011 65.7 83.4 513 23 338 515 5.6 134.0 71
July 9.1 Q.0 646.6 18.3 1054 | 7.2 86.4 56.5 26.8 376 58.3 53 126.2 80.0
August 7.8 0.0 578.6 3.4 106.0 778 90.7 671 329 476 67.7 47 1135 83.1
September | &5 0.0 5141 218 104.7 T 878 738 31.3 481 64.3 4.3 1023 78.8
October 44 0.7 398.9 177 925 606 | 759 81.7 40.7 59.9 59.3 41 829.5 7.7
November 28 0.0 32986 10.8 79.4 443 58.0 87.2 386 61.5 45.7 39 84.1 806
December 19 1.2 23286 79 63.6 383 500 769 | 422 61.8 36.2 38 91.1 525
MOMEANS7 XLS Page 1 5/26193
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MULBERRY - CIMIS STATION #41
Ref: CIMIS Database

1987 January
February
March
April
May
June
July
August
September
October
November
December

1988 January
February
March
April
May
June
July
August
September
October
November
December

1989 January
February
March
Aprit
May
June
July
August
September
October
Noverber
December

MOMEAN4{ .XLS

ETo Precip Solar VaporP  MaxT MinT Avg T RHmx RHmn  AvgRH Dpt Wind Speed DailyWind Soil T

iniday iniday Ly/Day mbars F F F % % % F mph mpd F

__Total Total Average Average Average Average Average Average Average Average Average  Average  Average Average
29 0.2 296.6 8.5 69.3 3.9 30.5 76.5 27.3 50.6 324 4.5 107.9 50.8
38 01 378.0 7.6 735 414 | 565 785 26.1 49.1 366 57 137.5 §5.2
6.1 0.2 508.3 8.1 77.5 43.0 60.0 82.7 20.7 45.4 38.1 8.1 145.3 59.1
81 0.1 626.9 9.2 814 523 71.8 777 | 123 34.3 417 6.2 1243 | 675
9.6 0.1 670.9 9.7 936 58.6 763 66.8 12.0 307 428 6.4 1537 | 753
30.9 0.0 713.2 8.7 105.3 662 | 8&6.1 50.6 8.0 20.4 401 57 136.2 805
11.0 0.2 7009 13.7 105.4 69.8 88.2 56.0 14.7 295 §1.3 5.8 139.8 B2.5
10.3 0.5 603.4 18.7 101.5 67.0 85.6 68.5 211 40.1 50.3 6.2 149.0 80.4
9.3 0.1 516.6 13.0 100.6 60.6 83.0 64.5 15.3 338 50.2 5.2 123.9 78.5
5.0 1.4 360.4 16.5 81.9 586 738 82.5 334 549 55.4 4.0 95.8 68.8
at 0.1 3126 1.5 746 434 57.0 88.1 345 65.7 46.3 34 825 60.3
26 0.6 2427 74 58.7 3zt 438 86.0 383 62.0 342 3g 926 47.5
3.1 0.2 263.1 78 69.3 35.5 50.5 g93.4 30.3 61.6 371 44 106.2 50.4
43 0.8 3933 8.2 76.7 40.2 57.0 81.7 26.2 57.8 41.3 45 108.4 95.2
6.4 0.0 461.0 78 74.4 39.1 564 81.1 18.6 39.3 349 4.7 112.8 55.0
6.2 0.3 544.0 11.3 84.7 48.2 65.1 89.2 230 52.1 47.2 53 126.0 66.7
9.4 0.1 573.4 8.7 841 | 482 67.4 70.4 30.3 291 38.5 7.2 167.7 65.8
94 02 | T01.0 13.0 1015 | 627 82.9 67.8 14.0 32.9 _43.8 57 136.2 777
93 0.1 660.5 214 1065 | 738 | 90.0 72.9 252 44.3 64.2 6.2 148.8 85.8
89 0.3 624.4 21.0 1051 73.2 887 1 773 246 44.8 62.9 52 124.3 84.8
75 0.8 430.7 10.6 78.6 50.8 64.2 55.2 10.7 2886 5.8 38 .0 62.7
5.7 0.1 4207 15.5 96.0 61.2 76.7 86.4 209 49.7 §5.7 4.3 101.9 748
42 0.4 310.1 8.8 759 42.8 58.4 837 225 473 39.1 4.6 1103 | €03
33 0.1 291.0 6.3 70.3 34.9 50.9 88.1 21.9 49.4 318 4.6 110.7 53.1
2.5 1.0 284.9 6.4 66.8 336 48.0 | . 89 251 52.5 316 4.1 98.1 46.7
34 0.0 394.6 8.8 75.0 38.2 §5.2 83.9 315 57.5 40.2 5.1 122.56 51.5
54 0.0 4294 | 92 71.2 384 | 535 68.1 201 41.5 38.5 38 91.0 50.4
7.5 0.1 632.9 12.1 924 531 72.2 80.2 19.6 44.1 48.6 5.0 120.4 69.3
9.8 0.2 692.7 9.2 85.3 57.0 76.4 67.5 12.5 30.1 414 6.7 161.1 71.2
10.0 0.1 7127 93 104.8 62.8 84.5 64.7 8.1 . 231 41.8 6.1 146.3 784
9.8 0.1 656.3 144 105.0 71.5 30.1 70.4 11.6 30.2 532 5.8 1411 85.6
| 85 0.0 624.4 19.7 104.4 70.4 87.3 7386 23.7 439 81.5 5.4 128.8 84.9
7.5 0.1 5427 12.8 102.7 £5.3 835 . 649 13.2 327 50.3 5.3 127.5 77.8
53 0.2 420.4 10.5 91.3 54.8 71.9 73.0 15.9 38.2 445 47 113.5 70.7
32 0.0 3335 9.2 811 43.0 59.7 84.4 22.4 50.9 40.4 4.3 103.4 59.5
22 0.4 2739 6.0 63.4 275 42.8 822 26.3 49.7 29.3 38 80.5 52.9
Page 1 5126/93
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1890 January

' February
March
April
May
June
July
August
September
October
November
December

1981 January
February
March
April
May
June
July
August
September
October
November
December

1992 January
February
March
April
May
June
July
August
September
October
November
December

MOMEAN41 XLS

ETa Precip Solar VaporP  MaxT MnT AvgT RHmx RHmn AvgRH Dpt Wind Speed Daily Wind Soil T
infday infday Ly/Day mbars F F F % % % F mph mpd F
Total Tolal Average Average Average Average Average Average Average Average Average  Average  Average Average
25 0.3 243.6 6.7 60.6 29.2 43.1 83.0 37.5 49.5 31.1 4.1 89.3 421
3.2 0.0 362.1 76 73.0 36.1 931 842 27.0 544 | 366 5.1 1228 99
55 0.1 4502 | 100 813 | 448 | 621 | 852 | 251 51.6 438 55 132.0 627
7.3 0.0 4896 | 106 72.2 437 574 127 24.0 44.0 421 43 103.8 53.8
8.2 0.4 660.0 9.3 8922 854 74.1 70.4 15.2 32.8 419 6.8 1624 726
8.1 _01 672.0 11.8 100.0 62.1 815 | 683 14.1 301 47.3 4.9 117.1 74.0
9.4 0.2 578.9 18.3 103.5 74.1 895 | 730 23.0 40.95 61.3 6.0 144.1 814
8.6 0.4 424.5 17.8 81.4 62.9 783 62.6 217 41.2 55.1 _44 105.4 76.7
6.5 0.5 §37.9 200 | 897 68.7 834 | 723 288 50.1 62.5 - 47 112.2 81.2
4.9 a3 439.2 127 91.1 85.5 720 72.0 230 | 466 48.7 38 935 72.9
3.4 0.0 2457 59 530 4: 343 459 50.8 16.4 27 283 e X:] 87.3 47.9
2.5 0.0 261.9 §.2 66.6 34.2 48.7 620 | 195 42.6 26.0 - 4.3 107.2 2.4
24 0.7 209.4 63 867 | 322 | 437 63.7 310 45.8 29.5 3.1 756 45.5
3.1 0.6 3560 1§ 113 784 42.9 59.4 783 42.5 64.2 46.2 4.2 101.1 59.2
4.7 07 449.7 9.6 717 434 572 | 784 38.0 59.8 431 6.0 145.2 60,5
6.9 0.0 598.9 10.8 805 | 464 638 | 754 28.8 49.2 45.3 $.7 135.5 67.0
8.5 0.4 698.5 12.7 - 89.2 533 716 74.4 26.8 47.7. 50.7 6.1 145.5 75.4
8.6 62 5737 13.1 | 835 539 694 59.5 225 | 377 48.0 4.8 114.6 69.1
85 0.3 654.7 16.7 102.3 { 69.7 86.1 69.9 27.0 46.5° 52.9 5.1 121.7 846
8.5 0.4 611.2 19.6 104.2 734 83.8 62.3 25.4 421 623 5.1 121.7 84.6
6.2 0.8 494.5 205 99.7 70.4 84.5 71.8 31.3 50.2 63.8 47 1134 85.8
5.0 0.4 398.7 4.8 83.5 66.3 75.9 714 258 46.8 §3.9 5.0 1206 75.4
35 0.5 2546 38 67.3 389 92.6 3.7 23.0 235 i8.1 44 104.9 $3.6
1.8 1.3 2224 8.3 68.5 416 52.5 84.2 43.7 67.7 418 8 86.5 55.0
23 1.0 271.9 78 68.6 375 | 515 86.6 354 B0.2 3786 38 91.5 527 |
1 1.1 339.1 1.2 740 45.7 $9.0 89.3 446 65.9 47.0 44 105.7 59.0
4.1 24 425.8 12.0 70.2 43.8 §6.5 943 § 451 67.0 47.8 38 91.5 598
6.3 0.3 4830 | 114 74.3 44.6 §9.2 829 294 44.9 43.9 3.2 76.5 60.7
76 0.4 §35.5 16.6 83.6 61.2 774 789 320 51.8 58.0 46 1096 | 786
8.7 0.0 626.7 158 93.2 55.8 76.8 63.5 284 4.5 54.7 5.0 118.7 761
8.9 0.2 632.6 21.5 103.8 73.8 89.2 62.5 32.8 45.5 65.0 56 134.7 B3.8
83 039 .984.2 251 | 1051 78.1 1.2 69.1 35.1 50.0 69.7 6.0 144.9 85.8
6.9 01 389.3 14.6 78.7 54.4 66.7 48.5 21.3 32.8 -47.1 3.4 82.9 61.8
47 0.0 -388.6 14.8 2.0 60.5 752 70.9 3.8 50.0 54.8 4.4 106.1 74.0
3.2 0.1 307.5 7.8 752 41.7 57.6 71.9 258 46.5 36.7 4.4 105.5 60.3
1.7 16 234.7 8.4 62.9 36.0 48.7 86.1 48.4 70.7 39.5 40 . 96.8 51.8
Page 2 5126193
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Monthly Solar Radiation, Langleys/day
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SEELEY - CIMIS STATION #68

Ref: CIMIS Database

RHmx

ETo - Precip Solar VaporP MaxT MinT AvgT RHmn  AvgRH Dpt Wind Speed Daily Wind Soil T
in/day infday Ly/Day mbars F F F % % % F mph mpd F
Total Total Average Average Average Average Average Average Average Average Average  Average  Average Average
1988 January 3.1 0.2 257.6 5.6 60.5 32.4 45.0 754 229 42.5 28.2 39 936 45.5
February 4.1 0.9 4115 76 77.0 42.2 58.6 779 212 454 36.6 4.5 1081 57.8 |
March . 65 0.0 945.1 6.3 825 45.9 64.0 60.1 16.3 321 .9 52 125.5 66.7
April 7.3 0.2 587.8 86 84.8 51.1 68.1 .7 19.9 374 40.0 6.3 1513 71.1
May 10.4 02 7246 | 70 938 571 | 765 53.8 10.8 23.0 346 74 177.9. 80.0
June 10.2 0.1 71856 11.6 101.0 65.0 83.8 53.5 15.9 28.5 45.9 6.6 158.4 85.2
July 8.6 0.1 654.3 216 105.2 730 89.8 775 253 44.9 64.6 50 1208 88.3
August 8.2 0.9 522.9 19.3 1039 | 723 | 887 69.5 258 41.2 586 47 1120 87.2
- September| 7.8 0.2 552.6 10.1 8.1 62.5 80.2 | 528 13.7 256 42.3 4.0 96.1 79.8
October 6.0 0.3 4316 121 95.5 60.4 774 688 | 192 3941 48.1 3.6 87.5 776
November 4.7 0.1 333.0 66 764 446 | 602 55.2 201 32.7 316 56 1339 65.6
December 38 0.1 303.2 49 70.5 375 329 _80.0 9.7 355 253 5.1 121.7 58.7
1989 January 3.5 1.0 292.9 54 66.1 337 483 | 738 246 42.3 276 4.3 103.3 514
February 4.5 01 403.3 7.4 75.1 41.7 57.4 67.8 259 44.4 356 6.3 150.7 7.5
March 74 0.1 | 4895 8.4 81.1 47.8 64.8 . 66.5 224 36.9 38.7 6.5 157.0 83.7
April 8.9 01 6276 10.5 81.4 562 | 737 §5.3 19.7 374 44.6 6.4 §52.5 741
May 11.0 0.2 6354 8.4 843 60.1 774 55.3 14.1 27.3 3.8 8.0 191.5 80.4
June 11.4 0.1 7129 9.0 103.6 645 | 847 52.2 8.9 221 40.2 6.8 162.1 84.7
July 9.9 0.1 636.4 13.3 104.2 69.6 87.8 70.5 14.3- 274 | 490 47 112.0 87.0
August 9.0 08 598.4 14.8 103.5 7.5 87.9 61.8 171 327 527 54 1289 89.1
September| 7.9 02 | 5289 12.1 97.2 63.9 80.9 316 19.3 30.8 47.4 57 136.1 78.2
October 5.3 0.1 428.7 10.6 8g.5 56.2 720 62.5 21.4 389 44.8 4.6 110.9 73.9
November 3.2 0.0 3375 7.5 81.9 40.9 50.8 68.3 239 425 352 34 81.0 62.5
December 2.7 0.2 274.0 25 752 347 53.5 214 12.2 177 10.6 28 67.2 55.2
© 1880 January 30 0.2 304.2 83 65.1 328 54.4 68.8 25.8 36,6 26.7 43 162.9 §2.7
February 38 0.0 377.9 6.6 74.5 378 3.0 67.2 24.4 441 333 52 125.5 54.5
March 6.1 0.2 491.9 86 819 462 | 634 708 25.1 427 40.0 6.1 147.5 62.9
April 7.8 0.0 605.6 10.6 87.4 547 1.1 70.1 25.4 419 45.5 7.0 168.3 70.4
May 10.7 0.2 690.9 7.3 91.8 58.3 75.4 47.0 14.2 249 35.8 9.6 229.5 75.2
June 9.9 04 607.0 88 909 57.1 745 48.4 12.0 21.3 35.8 5.2 124.1 72.3
July 8.5 0.0 610.5 17.2 98.4 69.4 84.7 65.3 208 3.3 559 5.3 127.5 816
August 8.4 0.2 617.7 203 102.1 72.0 88.0 69.8 304 443 63.0 5.0 120.3 846
September{ 6.8 0.0 497.8 18.7 99.4 701 85.0 66.4 30.4 45.0 60.5 4.9 118.2 83.0
October 53 03 438.7 10.2 80.7 57.1 734 56.4 20.6 35.8 43.7 4.0 86,2 75.2
November 37 0.0 3284 7.2 7.8 454 61.0 S4.6 233 383 35.0 4.7 1127 64.6
December 22 6.1 2604 5.7 61.5 314 458 - | 695 346 471 28.9 42 987 49.9
MOMEANG8.XLS Page 1 5/26/93
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Monthly Solar Radiation, Langle_ysiday
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Appendix B

" Rainfall Runoff and Effective Precipitation
Municipal and Industrial Water Use

Canal Seepage Calculations

Tailwater

Evaporation and Phreatophyte Water Use Calculations




References:

Document A:

Document B;
Document C:
Document D;
Document E:

I.  The rainfall data for 1987-92 for the CIMIS stations is from the main CIMIS database. The

“CIMIS Average” is the average of the Calipatria, Seeley, and Meloland stations. The CIMIS
rainfall data was not used in any calculations.

2. The rainfall data for the IID weather stations is from Document B. The "IID Average” is the
average of the 5 stations. The following table summarizes the average annual rainfall in IID:

3. The data for the discharge to the Salton Sea is from Document C. In the SMRAIN.XLS
spreadsheet, the column "Discharge to Salton Sea” is the data listed in Document C under
"Total to Sea". o

4. The following procedure was used in determining the discharge due to rain events in the
Imperial Vailey: -

a) The daily discharge data was entered into the spreadsheet for days previous to the rain
event until the discharge data increased. This date was considered the beginning for
analysis purposes.

b) The daily discharge data was entered into the spreadsheet after the rain event until the
discharge data began to increase again. This date was considered the end of the
analysis period.

Technical Appendix B1
Rainfall Runoff and Effective Precipitation

Freeman-1993, SMRAIN: Summary of Historic Rainfall Data and Runoff
Analysis for IID

IID Water Control-1987:1992; Monthly Meteorological Observations

1ID Water Control-1987:1992, Total Discharge to Salton Sea

Freeman-1993, Rainfall Runoff Plot Generated for J anuary 4, 1987

IID Water Department-1987:1990, Summary of Area Served as Listed in Water
Reports '

Year : Rain, Inches
1987 2,70
1988 1.57
1989 1.12
1990 2.49
1691 4.86
1992 5.50




c) To determine the magnitude of the discharge due to rain, the daily discharge data from
the beginning to the end of each analysis period was plotted (see Document D).

d) The plots were correfated with rainfall events from the 5 IID weather stations. Each
rainfall event was analyzed separately. The flow at the end of the analysis period was
coasidered to be the base flow (see Document D). A straight, horizontal line was
drawn from the flow on the last day in the analysis period to the day following the
beginning of the analysis period. This line represents the base flow. The dates of the

beginning and end points were modified depending upon how the graphs fit the rainfall
data. :

¢) The values along the base line were assumed to be the flows that would have occurred
if it had not rained (see Document D). These values were entered into the
SMRAIN.XLS spreadsheet in the column "Extrapolated Values”.

f) The extrapolated values were subtracted from the daily discharge data to determine the

discharge due to rain. The rain discharge was converted to acre-feet and totaled on an
annual basis.

3. The following table summarizes the calculated discharge due to rain;

Year Discharge Due to Rain
Acre-Feet

1987 21,363.6

1988 18,677.0

1989 94414

1990 16,123.6

1991 ~30.886.0

1992 45,780.2

6. The rainfall was analyzed separately for agricultural and non-agricultural lands. The runoff
from undeveloped lands was assumed to be negligible because the soil is dry and uncompacted.

7. For agricultural lands the following breakdown was used to determine the destination of
rainfall:

Less than 0.10"/day - all non-beneficial evaporation
Between 0.10"-0.20"/day - half evaporation and half ET

Greater than 0.20"/day - tile and runoff = Discharge due to rain minus non-ag runoff minus
Mesa storm inflow




- Crop ET is the remainder

The rainfall events were totaled for each of these 3 categories. The total inches of rain in the
first 2 categories was multiplied by the "Net Area Irri gated" acreage from Document E. The
amount of tile and runoff from ag lands was determined by subtracting the non-ag nunoff and
Mesa storm inflows from the total discharge due to rain (calculated in the SMRAIN.XLS
spreadsheet). The remainder of the greater than -20"/day category was assumed to be Crop ET.

8. For non-agricultural lands the following breakdown was used to determine the destination of
rainfall:

Less than 0.10"/day - all non-beneficial evaporation
Between 0.10"-0.20"/day - half evaporation and half runoff
Greater than 0.20"/day - part non-beneficial evaporation and part runoff

The rainfall events were totaled for each of the 3 categories. The total inches of rain in the first 2
categories was muitiplied by the sum of the acreage listed in Document E as "Area of Farms" |
"Area in Cities”, and "Area in Drains". The runoff portion of the rainfall events greater than
.20"/day was calculated based on the following assumptions:

a} 30% of rain falling on the acreage listed as "Area of Farms" and "Area in Cities" is
runoff. This acreage varies between 31,567 and 37,952 acres, in 1987 and 1992
respectively,

b) 50% of rain falling on the acreagé listed as "Area in Drains" is runoff.

The remainder of the rainfall above .20"/day was assumed to be non-beneficial evaporation.

9. The discharge due to rain value summarized in item $ is the sum of three components; agricultural
runoff, non-agricultural runoff, and Mesa Storm Inflows. Non-agricultural runoff was calculated
using the procedure discussed in item 8. The value for Mesa Storm inflow was assumed to be 3,000
acre~feet in 1987. For the years 1988-1992, the amount of runoff attributable to Mesa Storms varied
by the ratio of rainfall in those years compared to 1987. Agricultural runoff is the closure term in the
analysis. Agricultural runoff is the remainder of the discharge due to rain after nion-agricultural
runoff and Mesa Storm Inflows have been taken out. The values for all runoff components
(including a breakdown by the size of the rainfall event) is listed in Document A,




10. The following tabie summarizes the rainfal] data used in the IID Water Balance:

Year | AgNB | CropET Ag | Non-AgNB Non Mesa Storms
Evap _ Runoff Evap. Runoff Runoff
1987 [ 28,103 63,908 . 10,525 _ 15,665 7,838 3,000
1988 15.462 32,563 12,093 8.966 4,845 1,739
1989 4,446 34,553 4,300 5,979 3,897 | [,244
1990 [ 21,683 | 71,596 4,002 12,746 9,355 2,767
1991 35,134. 147,144 7,445 _ 26,323 18,041 5,400
1992 | 39761 151,473 19,547 31,122 20,122 6,111

12. The following graph illustrates the rainfall destinations and magnitudeé between 1987 and 1992, The
data for discharge due to rain from item 5 is also plotted on the graph. '
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Discharge to Sea - Ag Non-Beneficial Crop Agricultural Non-Agricultural Non-Agricultural Mesa Storms
Year Discharge to Sea Ag Noa-Beneficial Crop Agricaltural Non-Agricaltural  Non-Agricultural Mesa Storms
due to Runoff Evaporation ET Runoff Evaporation Runoff Inflow
1987 - 2.70" Rain 21,364 28,103 63,908 10,525 15,665 _ 7,838 3,000
1988 - 1.60" Rain 18,677 15,462 32,563 12,093 8,966 4,845 1,739
1989 - 1.12" Rain 9,441 4,446 34,553 4,300 5,979 3,897 1,244
1990 - 2.49" Rain 16,124 21,683 71,596 4,002 12,746 9,355 2,767
1991 - 4, 86" Rain 30,886 35,134 147,144 7,445 26,323 18,041 5,400
1992 - 5 50" Rain 45,780 39,761 151,473 19,547 31,122 20,122 6,11
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